Aim. -To estimate the prevalence of triglyceride and/or high density lipoprotein cholesterol (HDL-C) disorders and their relationships with other cardiovascular risk factors among patients with dyslipidaemia on lipid-lowering therapy. Methods. -In this cross-sectional study in dyslipidaemic patients receiving lipid-lowering therapy, lipid disorders were defined as triglyceride greater than 1.5 g/L, HDL-C lesser than 0.4 g/L and low-density lipoprotein cholesterol (LDL-C) above the recommended concentration according to French guidelines. Based on these disorders, patients were classified into four groups: group 1, no lipid disorders; group 2, low HDL-C and/or high triglyceride concentration with normal LDL-C; group 3, isolated elevated LDL-C; and group 4, elevated LDL-C and low HDL-C and/or high triglyceride. Patients' cardiovascular risk levels were compared across groups.
were in group 1, 20.5% were in group 2, 16.2% in group 3 and 12.1% in group 4. Among patients meeting the target LDL-C, those with high triglyceride and/or low HDL-C exhibited a significantly higher number of risk factors (1.83 vs 1.68, p < 0.001). Smoking, diabetes and hypertension were associated separately with low HDL-C and/or high triglyceride (p = 0.01, p < 0.0001, p = 0.03, respectively). Conversely, these associations were not observed in patients who did not achieve the target LDL-C, with the exception of smoking (p < 0.0001). Conclusion. -HDL-C and triglyceride disorders are relatively frequent among treated patients, particularly when cardiovascular risk level increased. © 2008 Elsevier Masson SAS. All rights reserved. 
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Background
High concentration of LDL-C is a well-known cardiovascular risk factor. Many studies have shown that despite the use of statins, it can be difficult to achieve the therapeutic objectives for LDL-C in line with official recommendations [1, 2] in everyday clinical practice [3] . Results from certain studies suggest that abnormal levels of HDL-C and triglycerides have an impact on cardiovascular disease, particularly when the two are found together [4] [5] [6] . Little information is available, however, about these abnormalities.
One recent French study involving a representative population of subjects with no history of cardiovascular disease or of lipid-lowering treatment showed that the prevalence of low HDL-C and high triglycerides was by no means negligible [7] . An earlier study suggested that there was an association between the presence of abnormal concentrations of LDL-C and/or HDL-C and triglycerides and greater cardiovascular risk [8] . The principal aim of the present study was to estimate the prevalence of abnormal levels of triglyceride and/or HDL-C in a population of patients with dyslipidaemia followed by their general practitioner (GP). The association between the presence of these abnormalities and the level of cardiovascular risk was a secondary objective.
Methods

Study population
A cross-sectional observational study (REALITY II) was conducted between July and September 2006 among patients treated with lipid-lowering drugs (statins, fibrates, ezetimibe) and followed-up by GPs affiliated to the Cegedim France network. Details of the study methods have been described previously [9] .
To be eligible for inclusion, patients must have recently undergone a complete analysis of their lipid status (LDL-C, HDL-C and triglyceride), be receiving lipid-lowering therapy and have had their lipid status analysed during the six months before inclusion. Patients were ineligible for inclusion if their lipid treatment had been modified during the three months before the most recent lipid analysis. Patients were recruited during a consultation with their GP, after providing written informed consent. The protocol of the REALITY II study was approved by the Commission Nationale Informatique et Libertés, the government body responsible for data protection.
Data collected
Information concerning cardiovascular risk factors and lipid analyses was collected by the GPs at the end of the consultation using a computerized questionnaire. The treatments prescribed were available on the Cegedim Longitudinal Patient Database.
Lipid abnormalities
Abnormalities in HDL-C and triglyceride concentrations were defined as HDL-C lesser than 0.4 g/L [1] and triglyceride greater than 1.5 g/L [10] . In our study, LDL-C was considered abnormal when the therapeutic objective according to the 2005 Agence Française de Sécurité Sanitaire des Produits de Santé (Afssaps) criteria for LDL-C had not been achieved [1] .
Patients were categorized into one of four groups according to the lipid abnormalities found: normal lipid concentrations (group 1), high triglyceride and/or low HDL-C with normal LDL-C (group 2), isolated abnormal LDL-C (group 3), and abnormal LDL-C with high triglyceride and/or low HDL-C (group 4).
Cardiovascular risk
We used the cardiovascular risk factors defined by the Afssaps [1] : age (≥ 60 years for women; ≥ 50 years for men), current smoking or cessation within the previous three years, arterial hypertension, type 2 diabetes, family history of early myocardial infarction or sudden death and HDL-C lesser than 0.4 g/L. Arterial hypertension was defined as either high blood pressure recorded in the database (systolic ≥ 140 mmHg and/or diastolic ≥ 90 mmHg) or by the prescription of antihypertensive drugs (direct antihypertensive agent, diuretics, calcium-channel blockers, angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers, beta-blockers). Diabetes was defined as the diagnosis of diabetes on the database (or of one of the associated complications) or by the prescription of an oral antidiabetic drug or insulin.
Cardiovascular risk level was evaluated using two different approaches.
Classes of risk defined by the Afssaps
The Afssaps distinguishes between five classes of patients, according to the number of cardiovascular risk factors other than dyslipidaemia: no additional risk factors, one risk factor, two risk factors, more than two risk factor and high risk. For the first four categories, one risk factor was removed with HDL-C greater than 0.6 g/L. The ''high-risk'' category comprised patients with a history of cardiovascular disease, patients with high-risk type 2 diabetes (diabetes with at least two additional risk factors and/or renal failure), and primary prevention patients with a greater than 20% risk of an adverse coronary event in the forthcoming 10 years according to the Framingham equation [11] .
Sum of non-lipid risk factors
In this study, as low HDL-C was both a cardiovascular risk factor taken into account in the Afssaps classification and one of the lipid abnormalities studied, we also compared the four groups of patients according to the cumulative number of these cardiovascular risk factors without HDL-C.
Statistical analyses
The prevalence of the four groups of lipid abnormalities (as defined above) was determined ( Fig. 1) . Complementary analyses were carried out by considering separately patients receiving statin monotherapy and those under fibrate monotherapy (Figs. 2 and 3) . Then, the four groups of patients were compared for each risk factor, for the Afssaps class of risk and for the number of non-lipid risk factors (Table 2) .
To determine the impact of abnormal HDL-C and/or triglyceride concentration independently of achieving the therapeutic objectives for LDL-C, specific comparisons were run in groups 1 and 2 (''normal lipids'' versus ''high triglyceride and/or low HDL-C with normal LDL-C'') on the one hand, and groups 3 and 4 on the other (''isolated abnormal LDL-C'' vs ''abnormal LDL-C with high triglyceride and/or low HDL-C''). Chi 2 , Wilcoxon and Kruskal-Wallis tests were used for all of the analyses using SAS ® version 9.1 software. The threshold for significance was p < 0.05.
Results
Patient characteristics
Over half of the 2727 patients were men (53.3%). Almost 40% of patients were at high cardiovascular risk. Most patients were receiving monotherapy with either a statin or a fibrate (Table 1 ). There was a statistically significant difference between the four groups with regard to distribution of treatments (p < 0.0001) but we found no major clinical differences. Statin monotherapy was used slightly less frequently in patients with an abnormal LDL-C concentration plus other abnormalities (group 4), whereas fibrate monotherapy or combination lipid-lowering drugs tended to be used more frequently. Patients on statin monotherapy were more likely to have isolated abnormal LDL-C concentration.
Lipid concentrations and abnormalities
The mean (standard deviation) overall lipid concentrations were 1.21 (0.35), 0.57 (0.16) and 1.30 (0.71) g/L for LDL-C, HDL-C and triglyceride, respectively. Given the thresholds selected, more than one-quarter (27.2%) of patients had high triglyceride concentrations while 10.3% had low HDL-C. Around 28% of patients did not reach the therapeutic target for LDL-C.
Overall, almost one-third of patients presented abnormal concentrations of HDL-C and/or triglyceride (groups 2 and 4, Fig. 1 ). Approximately 12% of patients presented these abnormalities even though they had not achieved the therapeutic target for LDL-C (group 4). In contrast, more than half of the patients had no lipid abnormalities while on treatment (Fig. 1) . No major changes in results were observed when analyses were restricted to patients receiving a statin or a fibrate in monotherapy (Figs. 2 and 3) . 
Abnormal lipid levels and cardiovascular risk
Patients with isolated abnormal concentrations of LDL-C (group 3) were older than those in the other groups. Group 1 (normal lipid levels) had a higher proportion of women (Table 2 ). Women were also less likely to have abnormal triglyceride and/or HDL-C concentrations, notably in the absence of abnormal LDL-C (group 2 vs group 1, p < 0.0001); the difference between groups 3 and 4 was not significant (p = 0.12). Considered individually, the cardiovascular risk .5) a Excluding dyslipidaemia. b Statin + ezetimib (n = 20), statin + cholestyramine (n = 3), statin + benfluorex (n = 34), statin + omega-3 (n = 3), statin + vitamin E (n = 10), atorvastatin + simvastatin + benfluorex (n = 1), atorvastatin + simvastatin (n = 1), atorvastatin + rosuvastatin (n = 1), atorvastatin + ezetimib + benfluorex (n = 1). c Fibrate + ezetimib (n = 3), fibrate+cholestyramin (n = 5), fibrate + benfluorex (n = 21), fibrate+omega-3 (n = 3), fibrate + vitamin E (n = 6), fibrate + vitamin E + benfluorex (n = 1). d Ezetimib (n = 19), simvastatin/ezetimib (n = 15), fibrate + statin (n = 2), ezetimib+vitamin E (n = 2), nicotinic acid + benfluorex (n = 1), statin + fibrate + benfluorex (n = 1).
factors varied principally according to whether or not the therapeutic target for LDL-C had been achieved (groups 3 and 4 vs groups 1 and 2, Table 2 ). Two factors appeared to be associated with the presence of abnormal concentrations of HDL-C and/or triglyceride: smoking and diabetes. There were more current or recent former smokers among patients with abnormal concentrations of HDL-C and/or triglyceride. This was true for both patients with normal concentrations of LDL-C (group 2 vs group 1, p = 0.01) and with abnormal LDL-C (group 4 vs group 3, p < 0.0001).
The proportion of diabetic patients was greater in group 2 than in group 1 (p < 0.0001), and in group 4 compared to group 3, even though the difference between groups 3 and 4 was not significant (p = 0.09). The proportion of diabetic patients in group 4 was threefold higher than that in group 1. Patients with abnormal triglyceride and/or HDL-C and normal LDL-C concentrations were more likely to present arterial hypertension than patients with a normal lipid status (group 2 vs 1, p = 0.03). This was not the case for group 3 compared to group 4 ( Table 2 ).
Level of cardiovascular risk (Afssaps guidelines)
The proportion of low-risk categories was greater (0 or 1 risk factor other than dyslipidaemia) in group 1 (57.9%), and a lesser degree, in group 2 (35.2%). In contrast, these patients were in the minority in groups 3 and 4 (4.5 and 3.0%, respectively). This is in keeping with the fact that groups 3 and 4 included essentially patients at high cardiovascular risk ( Table 2) .
Comparison of groups 1 and 2 showed that there was a greater proportion of high-risk patients in the low HDL-C and/or high triglyceride group (p < 0.0001). In contrast, there were more high-risk patients in the isolated abnormal LDL-C group (group 3) compared with in group 4 (p < 0.01). There were also more patients with history of cardiovascular disease in group 3.
Number of non-lipid cardiovascular risk factors
The number of non-lipid cardiovascular risk factors increased across the groups, especially in patients who had not achieved the therapeutic target for LDL-C. Among those who achieved the target, the number of risk factors also increased significantly in the presence of abnormal HDL-C or triglyceride (groups 1 and 2, p = 0.0004). The difference was not significant in patients who had not achieved the target (groups 3 and 4, p = 0.15). c Except dyslipidaemia and HDL-C, and including women aged 60 years and over or men aged 50 years and over, current or recent smoking, arterial hypertension, type 2 diabetes, family history of premature death or early adverse coronary events.
Discussion Prevalence of abnormal concentrations of HDL-C and/or triglyceride
Abnormal concentrations of triglyceride and HDL-C were not unusual in patients treated with lipid-lowering drugs in general medicine. Approximately 10% of patients had a low concentration of HDL-C (< 0.4 g/L) and more than onequarter had high concentrations of triglyceride (> 1.5 g/L). Almost one-third of the patients in our study presented low HDL-C and/or high triglyceride, with the therapeutic target for LDL-C either achieved (20.5%, group 2) or not (12.1%, group 4).
Direct comparisons with Ferrières et al.'s study [7] are difficult because the thresholds for lipid concentrations were different as were the characteristics of the populations studied. It is possible to conclude, however, that abnormal concentrations of HDL-C and triglyceride identified in the general population [7] are also common in dyslipidaemic patients treated with lipid-lowering drugs. A high prevalence of low HDL-C (< 0.4 for men and < 0.5 g/L for women) -that is 40% of women and 33% of men -has also been reported in a population of treated patients with severe dyslipidaemia (total cholesterol > 2 g/L and/or triglyceride > 1.8 g/L) followed-up in a specialized institution [12] .
In our study, we found no major differences in the distribution of lipid abnormalities when we compared patients on statin monotherapy with those on fibrate monotherapy (Figs. 1-3) . These results are difficult to interpret as the nature and severity of the abnormalities before treatment are unknown.
Abnormal concentrations of triglyceride and/or HDL-C and cardiovascular risk level
Overall, our results are in line with those of an earlier study in which we reported an association between the presence of mixed lipid abnormalities and high level of cardiovascular risk, even though direct comparison of the results is not possible because different reference values were used [8] .
In our present study, level of cardiovascular risk varied particularly according to whether the therapeutic target for LDL-C had been achieved ( Table 2 ). These findings could be explained by the choice of the Afssaps criteria to define normal concentrations of LDL-C. Indeed, the higher the patient's level of cardiovascular risk, the lower the therapeutic target for LDL-C (according to the Afssaps criteria). As a result, the greater the risk, the more difficult it is to achieve the therapeutic objectives and thus to be placed in group 1 or 2. This led us to carry out stratified analyses in patients according to the therapeutic objectives for LDL-C (group 1 vs 2) and in those who had not achieved the therapeutic objectives (group 3 vs 4), in order to study the association between level of cardiovascular risk and HDL-C and or TG lipid abnormalities. Overall, independently of LDL-C, our results suggest the existence of an association between cardiovascular risk factors and presence of abnormal triglyceride and/or HDL-C concentration. There were more diabetic patients, current or former smokers and hypertensive patients in group 2 than in group 1. There were also more current or recent former smokers and, to a lesser degree, diabetic patients in group 4 than in group 3 (patients presenting isolated abnormal LDL-C). The association between diabetes and low HDL-C, and between diabetes and high triglyceride concentration, has been described previously [13] , as has the higher frequency of abnormal HDL-C and triglyceride concentrations in patients with diabetes or hypertension and in smokers [14] .
In patients with abnormal LDL-C concentrations (groups 3 and 4), the association between level of cardiovascular risk and presence of high triglyceride and/or low HDL-C concentration tended to be less marked. This difference in the results, compared with that between patients in groups 1 and 2, must be interpreted with caution. Indeed, it is possible that the already high level of cardiovascular risk in patients in groups 3 and 4 make it difficult to show any association between these levels of risk and the presence of abnormal HDL-C and/or triglyceride concentration. Furthermore, fewer patients were at high risk (according to the Afssaps criteria) in group 4 than in group 3. This result could be explained by the greater proportion of patients with a history of cardiovascular disease in the group with isolated hypercholesterolemia compared to those with mixed disorders (57.8 vs 45.0%, p < 0.001). Moreover, patients in group 3 were older than those in group 4. With this in mind, it would be interesting to check our results against other references for abnormal lipid concentrations, notably for LDL-C.
Other methodological limitations of our study must be highlighted. First, interpretation of the results relative to the cardiovascular risk level (according to the Afssaps criteria) was questionable; abnormal HDL-C concentration, which we included among the lipid abnormalities, was one of the risk factors in this classification. Because of this, we studied in parallel the total number of non-lipid risk factors. As there was no analysis of lipid concentrations before treatment, it is impossible to determine the nature and severity of the initial dyslipidaemia (LDL-C, HDL-C, triglyceride, mixed). It was not possible to evaluate the impact of lipid-lowering treatments on the initial abnormalities. Moreover, certain cardiovascular risk factors such as obesity, alcohol consumption or sedentary lifestyle were not taken into account. However, associations between these factors and the presence of low HDL-C concentration [7] and the combination of low HDL-C and high triglyceride concentrations have been identified already [14] . We did not have any data on the dietary habits of the patients either. Finally, given the crosssectional nature of the study, it was not possible to study the combined impact of the various lipid abnormalities on the onset of heart disease.
Study implications
Failure to treat low HDL-C or high triglyceride can have consequences for the heart. Low HDL-C concentration is a predictor of adverse cardiovascular events [15] [16] [17] or death [18] in patients with a high level of cardiovascular risk. The involvement of triglycerides in the onset of coronary artery disease is more controversial [19] , even though certain studies suggest they do play a role [20] , notably in association with low HDL-C concentration [4] . Although correction of high LDL-C must remain a priority, physicians must not neglect abnormal levels of triglyceride and HDL-C. As suggested in our study, the higher the level of cardiovascular risk, the higher the proportion of patients with these abnormalities.
First, as with LDL-C, the priority is to ensure that patients adopt a healthy lifestyle, in particular by following an appropriate diet. The fight against a sedentary lifestyle is also an essential element. The beneficial impact of physical activity has been demonstrated with regard to both triglycerides [21, 22] and HDL-C [22, 23] . When necessary, advertising campaigns to alert patients to the risks could be useful. These measures go hand in hand with smoking cessation and treatment of associated risk factors such as diabetes and arterial hypertension. Then, should these initial measures prove to be insufficient even though they are respected, it may be necessary to adapt or reinforce lipid-lowering treatment on a case-by-case basis. Therapeutic issues may differ between patients on statin therapy, with its more limited effect on triglyceride and HDL-C concentrations (compared with LDL-C), and for those receiving a fibrate, as this class is less efficient than statins on LDL-C, but more effective with regard to the first two parameters.
Conclusion
The prevalence of abnormal concentrations of HDL-C and/or triglyceride is relatively high in patients treated with lipidlowering drugs. The results of this study suggest that patients who present this type of abnormalities tend to have a higher level of cardiovascular risk, particularly when they achieve therapeutic target for LDL-C. It would be useful to verify the robustness of our results using other criteria for lipid abnormalities, notably with regard to LDL-C.
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